ABSTRACT
INTRODUCTION
The use of homology to infer properties from known to previously unknown proteins is widespread throughout all domains of molecular biology. The most commonly used marker for homology is sequence similarity; this is so pervasive that sequence similarity searches are frequently, but inaccurately, referred to as homology searches. The standard tool for establishing sequence similarity is BLAST (Altschul et al., 1997) . However, top-scoring BLAST matches do not necessarily identify the closest homologs (Koski and Golding, 2001) . As an extreme example, BLAST identified 113 vertebrate genes with closest matches in bacteria, leading the International Human Genome Sequenceing Consortium, 2001 Human Genome Sequencing Consortium to propose multiple lateral transfer events from bacteria to vertebrates (2001) . However, subsequent phylogenetic analysis was unable to support this hypothesis for any of the examined genes (Stanhope et al., 2001) . The reasons top-scoring BLAST matches are used * To whom correspondence should be addressed. despite being clearly inferior to phylogenetic reconstruction are speed and ease of analysis. In a world of exponentially growing databases, situations are frequently encountered where phylogenetic reconstruction becomes computationally prohibitive. In addition, even before this point is reached, the prerequisite for multiple sequence alignments make phylogenetic inference cumbersome and prone to errors. This is in part because alignment complexity increases and accuracy decreases with the number of sequences, and in part because the limited number of phylogenetically informative sites in an alignment leads to loss of resolution.
An alternative approach that exploits the speed of BLAST and avoids the problems associated with multiple sequence alignments is the visualization of all-against-all pairwise similarities. This method can handle unrefined, unaligned data, including nonhomologous sequences. Unlike phylogenetic reconstruction it becomes more accurate with an increasing number of sequences, as the larger number of pairwise relationships average out the spurious matches that are the crux of simpler pairwise similarity-based analyses. BioLayout, a tool for visualizing such data based on the Fruchterman-Reingold (1991) graph layout algorithm, has previously been developed by Enright and Ouzounis (2001) . Impediments in its use, including the prerequisite for precomputed similarities, limitations in changing the parameters for graph layout or the inability to add new sequences to existing graphs, prompted us to develop a new implementation.
IMPLEMENTATION
Similar to BioLayout (Enright and Ouzounis, 2001) we used a variant of the Fruchterman and Reingold graph layout algorithm to generate graphs providing a useful representation of pairwise sequence similarities. Sequences are represented by vertices in the graph, BLAST/PSIBLAST high scoring segment pairs (HSPs) are shown as edges connecting vertices and provide attractive forces proportional to the negative logarithm of the HSP's P -value. To keep all sequences from collapsing onto one point, a mild repulsive force is placed between all vertices. After random placement in either two-dimensional or three-dimensional space, (Frickey and Lupas, 2004) . Top right: a previously compact cluster (at P -values ≤ 10 −10 ) disassembles and reveals a substructure when edges with P -values above 10 −80 are removed. Top left: the names of currently selected sequences, highlighted by gray circles, are shown in a separate window. Botom right: graph of the P -value distribution of HSPs. Bottom left: a sequence is selected from the dataset and used as BLAST query (double arrows). All HSPs are collected, mapped onto the sequence and displayed in a separate window. The top panel shows the distribution of HSPs over the query, the bottom panel a closeup with individual residues visible. When selecting a residue, for example Proline in the N-terminal region of the sequence (gray vertical bar), all sequences with HSPs covering that residue are highlighted by white circles in the main graph. The tripartite distribution of BLAST hits for the query is notable. Only the most N-terminal region of the query provides HSPs that connect it to sequences outside its cluster; more C-terminal residues have BLAST matches only within the cluster. the vertices are moved iteratively according to the force vectors resulting from all pairwise interactions until the overall vertex movement becomes negligible. While this approach, coupled with random placement, causes non-deterministic behavior, similar sequences or sequence groups reproducibly come to lie close together after a few iterations thus generating similar, although non-identical graphs for different runs.
CLANS

Fig. 1. Graph layout for 5101 AAA+-ATPases
APPLICATION
Default input is a file with protein sequences in FASTA format. Command line parameters specify the location of BLAST/PSIBLAST executables, databases and search options. The program performs all-against-all BLAST searches and calculates pairwise attraction values based on the HSP P -values. The graph showing all pairwise interactions can be rotated, translated and zoomed to better view sequence relationships. Discarding P -values above a certain cutoff and varying that value can cause previously compact groups to disaggregate and reveal their substructure (Fig. 1) . The user can add, extract or remove sequence from graphs, use varying P -value cutoffs for layout of different graph regions and, for comparative purposes, infer NJ-trees based on either the BLAST P -values or distances separating vertices in the graph. For increased sensitivity, necessary when distantly related groups of proteins are to be viewed, it is possible to evolve PSIBLAST profiles over a reference database and subsequently use these profiles to collect the HSPs used for graph layout.
As an alternative to FASTA input, it is possible to load a matrix of precomputed attraction values and thereby display any kind of data based on pairwise interactions. Examples might be visualization of social networks to determine key organisms most likely to rapidly disseminate diseases or layout of bacterial species based on similarities in metabolism and lifestyle (trophies, antibiotic sensitivities, etc.).
A Java1.4 or higher runtime environment is necessary to run CLANS and installation of BLAST/PSIBLAST is required for full functionality.
